Introduction
One problem that arises often in practice in the design of local access communications networks is the Terminal Layout Problem. This problem is typically referred to in the Operations Research literature as the Capacitated Minimum Spanning Tree Problem (CMST) and has been extensively studied by many researchers over the years. In the CMST problem we are given a set of customer locations or terminals, each with its own traffic requirements that we wish to transport to a given central location (node). Further a single type of facility with a fixed capacity K is available for installation, and we wish to design a feasible minimum cost tree network to carry the traffic. In practice, it seems unreasonable to assume that only a single type of facility is available to the network planner. Consequently, in this paper we deal with a variant of the CMST problem that we believe reflects the practical concerns that arise in the design of local access networks more closely. In our problem we allow for the installation of multiple types of facilities with differing capacities. This problem we call the Multi-Level Capacitated Minimum Spanning Tree Problem (MLCMST).
Problem Definition
Formally the MLCMST is defined as follows: Given a graph G = (N, E), with node set N = {0, 1, 2, . . . , n}, where node 0 represents the central facility and the rest customer locations, and edge set E, W i the traffic requirement (or weight) of node i to be transported to the central node 0, facility types 0, 1, . . . , L with capacities Z 0 < Z 1 < . . . < Z L and cost function F l (i, j) denoting the cost of a facility of type l installed between nodes i and j; we wish to find a feasible minimum cost tree network to carry the traffic.
In general the traffic requirements for each of the terminal nodes can be different. However, in this paper we restrict our attention to unit demand problems; i.e., problems with W i = 1 for all customer nodes. Additionally, we restrict our attention to (realistic) cost functions that exhibit economies of scale that usually exist in communication networks. In other words, the cost function satisfies the following relationship for every pair of nodes i, j:
where
Overview of the Approach
We have chosen to approach this problem by splitting it into two separate sub-problems: a grouping problem and a network design problem. The grouping problem aims at finding the best assignment of the nodes into groups while at the same time making sure that the sum of the weights in a group does not exceed certain upper limit. This limit is imposed by the highest capacity link. So for every group we require that:
